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Q. Xu et. al., 20-T Dipole Magnet with Common Coil Configuration: Main Characteristics and Challenges, IEEE Trans. Appl. Supercond., VOL. 26, NO. 4, 2016，4000404

With common coil configuration
20-T dipole magnet with common coil configuration 

two Φ50 mm beam pipes; load line 80% @ 1.9 K

Concept of the 20T Dipole Magnet for SPPC

Main parameters of the magnet

Integrated field quality

ReminderQ. Xu et al.



Lorentz force per aperture:   
Fx=23.4 MN/m ; Fy=2.38  MN/m

Stress distribution after excitation
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K. Zhang et. al., 2-D Mechanical Design Study of a 20-T Two-in-One Common-Coil Dipole Magnet for High-Energy Accelerators, IEEE Trans. Appl. Supercond., VOL. 26, NO. 4, 2016, 4003705

2D & 3D structure of the 20T dipole magnet

With common coil configurationK. Zhang et al.

Concept of the 20T Dipole Magnet for SPPC
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R&D Steps for 20T Dipole Magnet

1st step ongoing
Fabrication of 15-T Nb3Sn and
Nb3Sn+HTS subscale magnets, to
test the stress management
method for Nb3Sn & HTS coils
and the quench protection
method for HTS coils;

By the end of 2018.

2nd step
Fabrication of 15-T Nb3Sn and
Nb3Sn+HTS operational field
dipole magnet with two Φ50
mm beam pipes and 10-4 field
quality, to test the field
optimization method for HTS
coils;

To be funded.

3rd step
Fabrication of the 20-T magnet
with Nb3Sn+HTS or only one of
them, if we can get significant
progress on the performance of
Nb3Sn or HTS superconductors,
i.e., their Jc level is 3~6 times
increased or even more, and the
cost is significantly reduced.

Q. Xu, K. Zhang, C. Wang et. al., 20-T Dipole Magnet with Common Coil Configuration: Main Characteristics and Challenges, IEEE Trans. Appl. Supercond., VOL. 26, NO. 4, 2016，4000404

With common coil configuration ReminderQ. Xu et al.



1. A 14-T subscale magnet to be fabricated with Nb3Sn and NbTi superconductors in 2016, to
investigate the fabrication process and mechanical characteristics of Nb3Sn coils.

C. Wang, K. Zhang et al.

Coil configuration in the 1st quadrant 

Iron yoke OD: 
600mm

Nb3Sn:
12.02T Bpeak

NbTi:
5.14T Bpeak

Main parameters of the cables

For per meter of such magnet, the required length of the 
strand: Nb3Sn: 5.76 Km;     NbTi: 2.24Km.

I=5500A

Strand diam. cu/sc RRR Tref Bref Jc@ BrTr dJc/dB

IHEPWCJC 0.802 1 200 4.2 12 2700 400

IHEPWNJC 0.82 1.6 130 4.2 5 2954 550

Cable Hight Width-i Width-o Ns Strand Filament Insulation

IHEPW1 7.3 1.5 1.5 18 IHEPWCJC Nb3Sn 0.15

IHEPW2 6.6 1.5 1.5 16 IHEPWNJC NbTi 0.15

2D Field distribution

Main parameters of the strands

R&D Steps for 20T Dipole Magnet 2016-18



2-1. A 15-T subscale magnet to be fabricated with only Nb3Sn superconductors but different cable
dimensions, to test the stress management method of Nb3Sn coils.

C. Wang, K. Zhang et al.

Iron yoke OD: 
600mm

Nb3Sn: IHEPW3
12.57T Bpeak

Nb3Sn : IHEPW1
7.56T Bpeak

Main parameters of the cables

Main parameters of the strands

For per meter of such magnet, the required length of the 
strand: Nb3Sn in total: 10.4 Km.

Coil configuration in the 1st quadrant 

2D Field distribution

I=7160A

Cable Hight Width-i Width-o Ns Strand Filament Insulation

IHEPW1 7.3 1.5 1.5 18 IHEPWCJC Nb3Sn 0.15

IHEPW3 12 1.5 1.5 29 IHEPWCJC Nb3Sn 0.15

Strand diam. cu/sc RRR Tref Bref Jc@ BrTr dJc/dB

IHEPWCJC 0.802 1 200 4.2 12 2700 400

35 mm

R&D Steps for 20T Dipole Magnet 2016-18



2-2. A 16-T subscale magnet will be fabricated with HTS and Nb3Sn superconductors, to test the
stress management method and quench protection method of HTS coils.

C. Wang, K. Zhang et al.

Iron yoke OD: 
600mm

YBCO: 
13.29T Bpeak

Nb3Sn:
10.64T Bpeak

Main parameters of the cables

Main parameters of the strands

For per meter of such magnet, the required length 
of the strand: YBCO: 1.44Km;    Nb3Sn: 5.76 Km

Coil configuration in the 1st quadrant 

Field distribution in the cross section of this  common-coil dipole 

I=262A (YBCO)

I=7950A(Nb3Sn)

Cable Hight Width-i Width-o Ns Strand Filament Insulation

IHEPW1 7.3 1.5 1.5 18 IHEPWCJC Nb3Sn 0.15

IHEPWYBCO4 4 0.2 0.2 1 IHEPWYBCO YBCO 0

Strand diam. cu/sc RRR Tref Bref Jc@ BrTr dJc/dB

IHEPWCJC 0.802 1 200 4.2 12 2700 400

IHEPWYBCO - - - 4.2 12 1020 40

35 mm

R&D Steps for 20T Dipole Magnet 2016-18



Clear bore diameter 15mm  
Inter-aperture spacing 106 mm

3. To fabricate a 14-T dipole magnet (with two apertures) with HTS and Nb3Sn superconductors,
to test the field optimization method of HTS & Nb3Sn coils.

C. Wang, K. Zhang et al.

Iron yoke OD: 
600mm

Nb3Sn: IHEPW3
12.19T Bpeak

Nb3Sn : IHEPW1
10.16T Bpeak

Main parameters of the cables

Main parameters of the strands

For per meter of such magnet, the required length of 
the strand: YBCO: 0.6 Km;    Nb3Sn in total: 10.4 Km

Coil configuration in the 1st quadrant 

2D Field distribution

I=285A (YBCO)

I=9170A(Nb3Sn)
Main field: 12.1T YBCO: 

12.22T Bpeak

Cable Hight Width-i Width-o Ns Strand Filament Insulation

IHEPW1 7.3 1.5 1.5 18 IHEPWCJC Nb3Sn 0.15

IHEPW3 12 1.5 1.5 29 IHEPWCJC Nb3Sn 0.15

IHEPWYBCO4 4 0.2 0.2 1 IHEPWYBCO YBCO 0

Strand diam. cu/sc RRR Tref Bref Jc@ BrTr dJc/dB

IHEPWCJC 0.802 1 200 4.2 12 2700 400

IHEPWYBCO - - - 4.2 12 1020 40

R&D Steps for 20T Dipole Magnet 2016-18



Operating current (A) 3970

Operating temperature (K) 4.2

Operating field (T) 12.01

Margin along the loadline (%) ~18.4

Dipole diameter (mm) 720

No. of Nb3Sn coils
No. of NbTi coils

2
2

No. turns of each Nb3Sn coil 20*2

Cable size 5.8mm*1.5mm

Lorentz force Fx (per aperture) 760217 N

Lorentz force Fy (per aperture) 79972.3 N

Lorentz force FZ  (per aperture) 41,769 N

Main Design Parameters
K. Zhang, C. Wang et al. 

R&D Steps for 20T Dipole Magnet 2016-18

Section A

Section B

Mechanical analysis



Preloading 
at room 

temperature

(Load 1)

Excitation

(Load 3)

Cooling down

(Load 2)

σx σy σz Mises stress

Rmore=0.0005
f=0.2

10MPa 9MPa

11MPa

1MPa

28MPa 14MPa

3MPa

18MPa



Von-mises stress after load 1 
(interference analysis)

Von-mises stress after load 2 
(cool down)

Von-mises stress after load 3 
(excitation)

Rmore=0.0005; f=0.2

Kai Zhang, Chengtao Wang, Qingjin Xu, Zian Zhu, Yingzhe Wang, Da Cheng, Ershuai Kong, Feipeng Ning, Meifen

Wang, Ling Zhao, Wei Zhao, and Quanling Peng, "Mechanical Design of FECD1 at IHEP: a 12-T Hybrid Common-coil

Dipole Magnet" 2016 Applied Superconductivity Conference. September. 2016

K. Zhang, C. Wang et al. 

R&D Steps for 20T Dipole Magnet 2016-18
Mechanical analysis
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• 4 strips / coil, like in picture, each 14 mm wide
• 2 strips connected in parallel to 1 HFU – peak

power 100 W/cm2 and tau = 30 ms
• Dump resistor with 90 mOhm
• Detection delay = 20 ms  -> 20 ms after inital

quench dump and haeters are activated
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Heater delay
for this layer
= 10 ms

Heater delay
for this layer
= 20 ms

Other turns do not quench! 

T. Salmi (TUT), D. Cheng et al. 

R&D Steps for 20T Dipole Magnet 2016-18
Quench protection



20-T cos-theta 2-in-1 dipole magnet with 
asymmetric coil configuration 

Aperture 2* 50 mm; Iron OD 800mm

Inter-aperture spacing 
340mm

High-order harmonics along axis for the 
optimized coil ends ( Rref  = 17 mm)

R&D Steps for 20T Dipole Magnet 2016-18
C. Wang et al. Cos-theta option



Development Status: Rutherford Cable

Collaboration between WST, Toly Electric, Changtong Electric and IHEP

Superconducting Rutherford Cable fabricated 
by Toly Electric with WST Nb3Sn strand

Superconducting Rutherford Cable fabricated 
by Changtong Electric with WST Nb3Sn strand

ReminderY Zhu, Y Li et al.



Development Status: Rutherford Cable

Collaboration between WST, Toly Electric, Changtong Electric and IHEP
Y Li et al.



Development Status: Rutherford Cable

Collaboration between WST, Toly Electric, Changtong Electric and IHEP
Y Li et al.

NbTi cables

Fabrication and test of Nb3Sn cables are ongoing



Air 
compressor

Booster 
pump

Shell
support

Bladder

Bladder No. Water pressure（MPa）

#  001 35

#  002 45

#  003 26

#  004 35

Test results of bladder 001-004

• The present thickness of the shim and

round tube is 0.3 mm.

• Leak always appear at the welding area

between the shim and round tube.

• To increase the thickness of the shim

and round tube to 0.5 mm for the new

bladders.

Strain 
sensor
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Collaboration between AVIC (中航工业北京航空材料研究院) and IHEP

Bladder

Development Status: Bladder
K. Zhang, C. Wang et al. Reminder



18.9 
MPa

31.4 
MPa

45.3 
MPa

56.1 
MPa

65.1 
MPa

71.9 
MPa

76.1 
MPa

83.6 
MPa

88.9 
MPa

89.6 
MPa

98 
Mpa

0 MPa

第
二
次
水
压
加
载

总结：
1) 第一次水压试验压力连续加载至88 MPa, bladder无泄漏、压力可以稳定维持、应变仪读数稳定；

2) 第二次水压试验压力连续加载至89.6 MPa, bladder无泄漏、压力可稳定维持，更改气泵的最大供气压力后，由于

设置失误水压瞬间冲高至98 MPa, bladder发生泄漏，此后压力在泄漏的状况下可以稳定在96 Mpa左右；

3) 第三次水压试验是为了测试bladder在已经发生泄漏后的再次加载性能，可以发现bladder依然可以从零稳定加压

至77 Mpa, 加载到86.3 Mpa后压力略有细微波动，但基本能保持住。

K. Zhang, C. Wang et al. Reminder

Development Status: Bladder
Collaboration between AVIC (中航工业北京航空材料研究院) and IHEP



88.5MPa ！

102.2MPa !!

K. Zhang, C. Wang et al. Latest progress: 102 Mpa achieved!!

Development Status: Bladder



Development Status: Winding Machine

Can wind the coil on horizontal surface, vertical surface or canted surfaces (-45~90 degree) 

Collaboration between SSTC and IHEP



National Collaboration



International Collaboration
With LBNL: send students to Berkeley to work with US colleagues on the high field

magnet R&D for SPPC, specially on Nb3Sn and HTS magnet development.

1st student: Kai Zhang, depart to Berkeley next month and stay one year.

With BNL: send young staff to Brookhaven to work with US colleagues on the high

field magnet R&D for SPPC, Specially on HTS coil development.

1st staff: Qing Li, depart to Brookhaven this month and stay 2 months.

With CERN: Visit CERN next month with WST and IPP colleagues to discuss the

possibility of participating the HL-LHC project, fabricating high field magnets and

current leads for HL-LHC.

With TUT (Finland): Setting up formal collaboration between two sides on

advanced quench protection methods for high field magnets. Tiina Salmi visited

IHEP last month (Aug. 14-27)



Next steps

 Development of the 12~15T model magnets

• R&D and production of High Jc Nb3Sn and HTS conductors

• Cabling of Nb3Sn and HTS conductors

• Coil fabrication (winding, heat reaction, impregnation, joints)

• Quench protection of the Nb3Sn and HTS coils

• Field quality optimization of the HTS dipole magnets

• Mechanical analysis and support structure assembly

• Cold test of the magnets (magnetic field, field quality, quench behavior)

 Advanced HTS conductors R&D and quality evaluation

• R&D of high-Jc & Low-cost HTS superconductors: Iron-based, ReBCO and

Bi-2212)

• Quality evaluation of the HTS superconductors: Jc, mechanical and

dynamic behaviors, model coil fabrication and test with high

background field



Thanks


